Constraining the past response of marine terminating ice streams during episodes of 26 deglaciation provides important insights into potential future changes due to climate 27 change. This paper presents new 36 Cl cosmic ray exposure dating from boulders located 28 on two moraines (Glen Brittle and Loch Scavaig) in southern Skye, northwest Scotland. 29
geochronological data relating to deglaciation of the northern sector of the BDIS is still 108 comparatively limited. In northwest Scotland a regional scale readvance, the Wester 109
Ross readvance has been delimited from a suite of onshore moraines and dated with 10 Be 110 exposure ages to ~ 16 ka (Robinson and Ballantyne, 1979; Bradwell et al., 2008 ; 111 narrow straits between Skye and the islands of Scalpay and Raasay (Harker, 1901 On Soay which forms the western margin of Loch Scavaig, a small section of 156 moraine comes onshore at the northeastern corner of the island (Clough and Harker, 157 1904) . This moraine section is ~200-300 m in length and 4-5 m high in places. Large 158 erratic gabbro boulders are found on its crest indicating that at some time following 159 deglaciation of the BDIS ice sourced from the Cuillin extended into Loch Scavaig and 160 reached Soay which itself is composed entirely of Torridonian sandstone with some 161 the top surfaces of boulders using hammer and chisel. When possible, we sampled flatsurfaces but, where necessary, strike and dip were recorded using a compass-clinometer. 
Processing 210
The thickness and dry bulk density of samples from each site was measured before 211 samples for 36 Cl analysis were crushed and sieved to 250-500 m at the University of St 212
Andrews. About 2 g of material was retained for elemental analysis with the remainder 213 sent to University of New Hampshire for further preparation and isotopic extraction. 214
Chlorine was extracted and purified from whole-rock samples to produce AgCl forprocedures developed by Stone et al. (1996) . Crushed samples were sonicated first in 217 distilled water and then in 2% HNO3 to remove any secondary material attached to 218 grains. 13-20 g of pretreated rock was prepared from each sample for subsequent 219 chemical procedures. there is the danger of selecting CRE ages to fit pre-existing or favoured hypotheses. 336
However, given the range of production rate calibrations included in the CRONUScalc 337 programme, the improved agreement with observed atmospheric cosmic-ray fluxes 338 obtained using the SA scaling scheme and for simplicity, we focus discussion on CRE 339 ages calculated using CRONUScalc and the SA scaling. We present the alternative CRE 340 age calculations for completeness. 341
The 36 Cl CRE ages range from 19.4 ± 1.7 to 12.9 ±1.2 ka. The Glen Brittle 342 samples (BRI-01-04) yield CRE ages between 19.4 ± 1.7 and 15.5 ± 1.7 ka while the 343
Soay samples (SOAY-1-7) yield CRE ages between 16.4 ± 1.5 and 12.9 ± 1.2 ka. A plot 344 of all 36 Cl CRE ages reveals significant overlap in ages from both locations ( Figure 9 , Table 5 ). The 11 samples combined have a reduced Chi-square ( 2 R) = 4.51 indicating 346 that they are not a single population and are influenced by geological uncertainty. 
Time of moraine deposition 364
A compilation of exposure ages from boulders suggests that they are more likely to 365 underestimate the true CRE age (Heyman et al., 2011 propensity for inheritance and thus overestimation of ages. Similarly the morecomplicated evolution of production rate with depth (cf. Gosses and Philips, 2001) means that erosion and or spalling of boulder surfaces can make CRE ages appear older 371 than the true boulder age. Despite careful sample selection (Section 3.2.1) the spread in 372 our ages demonstrates that some of our samples were influenced by geological 373 uncertainty. We therefore outline what ages we believe best represent the true moraine 374 age and use these ages as the basis for our interpretation with a general note of caution 375 that our ages may overestimate the true moraine age. We outline some reasons why we 376 consider this less likely however acknowledge it as a possibility. 377
Given the agreement between the CRE ages from Glen Brittle we consider an 378 arithmetic mean to best represent the timing of moraine deposition. Thus we infer that 379 the Glen Brittle moraines were most likely deposited at 17.6 ± 1.3 ka, the mean of our 380 ages. At this time relative sea level (RSL) around the south coast of Skye was high 381 (Figure 11 ) and the termination of high shorelines is associated with the dated moraines 382 in Glen Brittle. This led Walker et al. (1988) to speculate that at the time of high RSL 383 ice occupied Glen Brittle, a view supported by our CRE ages. We note that there is 384 considerable spread in the ages from Glen Brittle and that the mean age may over-or 385 underestimate the true moraine age. 386
As stated in section 4.2 there are two possible interpretations of the exposure 387 ages from Soay. We consider it unlikely that nuclide inheritance would affect the other 388 boulders to the same degree such that they yielded internally consistent CRE ages that 389
give an acceptable  2 R value. Additionally, the young CRE ages suggest moraine 390 deposition prior to the LLR (≈ Younger Dryas -12.9-11.7 ka b2k; Lowe et al., 2008) . 391
This would imply ice survival throughout the warm Bølling-Allerød interstadial, a 392 scenario that is considered unlikely in Scotland (Ballantyne and Stone, 2012). If the 393 older CRE age cluster is to be inferred as best representing the true moraine age it doestime. We note that these three boulders are located in very close proximity (Figure 4 ) 396 and that in comparison to the other sampled boulders they are relatively low lying. 397
Boulder height has been shown to influence the clustering of CRE ages with taller 398 boulders being favoured over shorter boulders (Heyman et al., 2016) . Thus while we 399 cannot speculate on the specific mechanism of exhumation the boulder-height 400 relationship identified by Heyman et al. (2016) and the close spatial proximity of the 401 three young Soay samples suggests that contemporaneous exhumation is possible. Given 402 all of these considerations, we favour the second scenario and infer that the Scavaig 403 moraine was most likely deposited 15.2 ± 0.9 ka. 404
The mean ages from the moraines do not agree within their analytical 405 uncertainties which, given the proximity of the sample locations, suggests that they may 406 represent separate glacial events. However, we note that there is considerable overlap 407 between the ages from Glen Brittle and Soay thus we can not definitively make this 408 conclusion. We therefore propose, as a hypothesis, that two separate readvances 409 occurred on the southern margin of the SID during deglaciation. This hypothesis 410 requires further testing with geochronological data. 411 412
Implications for local ice dynamics 413
Evidence for readvance of locally nourished ice on Skye has been documented from 414 several localities on the low ground that surrounds the Cuillin (Benn, 1997). Glacio-415 tectonised sediments, patterns of erratic dispersal and changes in the marine limit, all 416 suggest that locally nourished ice remained dynamically active after its separation from 417 mainland ice. Benn (1997) delimited potential readvance limits of the SID, but whetherthe removal of constraints imposed by confluent ice allowing the ice to drain radially 421 away from the high ground (Benn, 1997). To the north of the SID a readvance/stillstand 422 is inferred from ice-thrust subaqueous outwash at Suisnish in southern Raasay (Benn, 423 1997). This site is likely to have been proximal to an ice margin when the Strollamus 424 moraine was deposited at 15.9 ± 1.0 ka (Small et al., 2012) . This similarity in age to the 425 older CRE exposure ages from Soay suggests that readvance of the northern and 426 southern sectors of the SID may have been synchronous within dating uncertainties. (Figure 11 ). These show an enhanced tidal regime in the period 478 immediately prior to deglaciation as constrained by the CRE ages from Glen Brittle in 479 the inner BDIS sector (Figure 11 ). This raises the possibility that this mechanism is a 480 potentially important driver of deglaciation. However, these large tidal amplitudes are 481 associated, in this area, with falling RSL driven by rapid glacio-isostatic uplift which 482 will have mitigated the impact of large tidal range on, for instance, calving rates and ice 483 stream velocities. Similarly, the deposition of the Scavaig moraine occurred during a 484 period of enhanced palaeotidal amplitude but falling RSL (Figure 11 ). The continuity of 485 these RSL and palaeotidal trends throughout deglaciation imply that other factors; e.g. 486 climate, topography, ice sheet internal dynamics; were controlling the higher frequency 487 BDIS advance/readvance phases documented by the new data. 
Conclusions 506
The data presented here provide insights into the timing of deglaciation of a major 507 palaeo-ice stream that drained a large portion of the former BIIS as well as indicating 508 post-ice stream dynamics of the remnant ice mass. Following de-coupling of ice sourced 509 from mainland Scotland and ice sourced in Skye, our data lead us to hypothesise that 510 there were possibly two local readvances/stillstands at ~17.6 and ~15.2 ka demarked by 511 moraines in Glen Brittle and Loch Scavaig, respectively. Evidence for local readvance 512 of ice sourced in Skye occurs around the periphery of Cuillin and our data suggests that 513 the latter readvance, north and south of the Cuillin, was contemporaneous with the 514
Wester Ross Readvance recorded elsewhere in northern Scotland, strengthening the 515 conclusion that it was climatically forced. 516
The 36 Cl CRE ages from Glen Brittle provide constraints on the timing of final 517 deglaciation of a major ice stream that drained the former BIIS. They indicate that 518 deglaciation of the BDIS was complete by 17.6 ± 1.3 ka, in general agreement withoffshore IRD evidence. The complex production pathways associated with in situproduced 36 Cl lead to large inherent uncertainties on our data that prevent us from 521 definitively linking deglaciation of the BDIS and subsequent readvance to any one 522 forcing factor. Ultimately, disentangling the relative contribution of the various forcing 523 factors requires further data constraining ice margin retreat on the shelf combined with 524
new and more precise geochronological data that constrains final deglaciation. The red star shows the location of the vibrocore VC57/-07/844 which yielded a basal 870 radiocarbon age of 12.8 ± 0.1 ka (Small, 2012) . Also show is the failure scarp on Ben 871
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